Exposure to cigarette smoking cues can trigger physiological arousal and desire to smoke. The brain substrates of smoking cue-induced craving (CIC) are beginning to be elucidated; however, it has been difficult to study this state independent of the potential contributions of pharmacological withdrawal from nicotine. Pharmacological withdrawal itself may have substantial effects on brain activation to cues, either by obscuring or enhancing it, and as CIC is not reduced by nicotine replacement strategies, its neuro-anatomical substrates may differ. Thus, characterizing CIC is critical for developing effective interventions. This study used arterial spin-labeled (ASL) perfusion fMRI, and newly developed and highly appetitive, explicit smoking stimuli, to examine neural activity to cigarette CIC in an original experimental design that strongly minimizes contributions from pharmacological withdrawal. Twenty-one smokers (12 females) completed smoking and nonsmoking cue fMRI sessions. Craving self-reports were collected before and after each session. SPM2 software was employed to analyze data. Blood flow (perfusion) in a priori-selected regions was greater during exposure to smoking stimuli compared to nonsmoking stimuli (po0.01; corrected) in ventral striatum, amygdala, orbitofrontal cortex, hippocampus, medial thalamus, and left insula. Perfusion positively correlated with intensity of cigarette CIC in both the dorsolateral prefrontal cortex (r 2 ¼ 0.54) and posterior cingulate (r 2 ¼ 0.53). This pattern of activation that includes the ventral striatum, a critical reward substrate, and the interconnected amygdala, cingulate and OFC, is consistent with decades of animal research on the neural correlates of conditioned drug reward. Keywords: cigarette smoking; craving; neuroimaging; ventral striatum; amygdala; DLPFC
INTRODUCTION Rationale
Both nicotine and conditioned cues (reminders) maintain cigarette smoking and lead to relapse (Henningfield and Goldberg, 1983; Rose, 2006) . Thus, effective smoking cessation treatments should address both factors. Nicotine replacement therapy (NRT) and bupropion are both effective at ameliorating nicotine withdrawal-induced craving, but neither block the craving elicited by learned associations formed between environmental cues and nicotine (Teneggi and Tiffany, 2002; Robinson and Berridge, 1993; Wise, 1988; Hughes et al, 1999; Hurt et al, 1997; Jorenby et al, 1999) . Currently, medications that unequivocally prevent or reduce cue-induced craving (CIC) are not available. Further understanding of the underlying neurobiology of CIC would facilitate the development of effective therapies and improve the currently low (10-20% at 6 months to a year) success rates associated with current smoking interventions West et al, 2001 ). Thus, a major goal of this work is to examine the element of neurobiology underlying CIC distinct from that observed in CIC studies associated with nicotine withdrawal.
Craving generated by drug cues may accrue slowly over time, recruiting supplementary neural substrates as selfreported craving increases. Additionally, craving may persist for extended periods after stimulus exposure, often extinguished only by smoking. Because perfusion is quantitative and provides an absolute blood flow measure (ml of blood/100 g of tissue/minute; Detre et al, 1992) , it is well-suited to our model in which stimuli are presented over several minutes. BOLD fMRI studies provide a relative measure of brain activity requiring subjects to remain in the scanner throughout both drug and nondrug stimulus presentations. As CIC and pharmacological withdrawal may involve overlapping and/or separate brain substrates, this can interfere with obtaining a clear signal. Having separate scanning sessions also, and importantly, provides an opportunity for subjects to smoke before each stimulus presentation, minimizing withdrawal further. A third benefit to separated cue sessions is that any nicotineinduced craving that may accrue during scanning can be equated across stimulus sets and subtracted out of final analyses.
Further mitigating basis for the use of perfusion imaging over the well-known event-related BOLD fMRI is that it provides a resting baseline. As mentioned, CIC is a prolonged state that accrues and is maintained over time.
With the event-related on/off stimulus presentation of BOLD imaging, craving to cigarette cues is measured over each seconds-long cue presentation and may not return to baseline within the interval before noncue stimulus presentation. Thus, as craving to cues increases throughout scanning, distinguishing cue from noncue signal becomes more difficult. Second, baseline drift associated with BOLD may 'ride on top' of brain activation to cues, masking portions of the signal. Signal collected with perfusion fMRI has no associated baseline drift and collects cue and noncue stimulus set data separately to aid in delineating a sharper stronger CIC signal.
A Priori CNS Regions of Interest
A priori CNS regions of interest were chosen based on over 20 years of preclinical literature on drug-seeking behavior (Robinson and Berridge, 1993; Wise, 1988; Galvan et al, 2005) , and the more recent advances in functional neuroimaging in smoking cue and other drug cue reactivity studies (Brody et al, 2002; Childress et al, 1999; Due et al, 2002; Wilson et al, 2005; Smolka et al, 2006; McClernon et al, 2005) . We expected to see greater neural activity to smoking cues in the areas of the pedunculopontine nucleus, ventral tegmental area, and ventral striatum, the proposed pathway through which nicotine and associated cues modulate the mesolimbic dopaminergic system (Corrigall et al, 1994; Laviolette et al, 2002) . Further, we hypothesized greater perfusion in the ventral striatum and the interconnected amygdala, anterior and posterior cingulate, select prefrontal regions, hippocampus, and thalamus as these regions are implicated in modulating behavioral responses to drug-related stimuli (Brody et al, 2002; Childress et al, 1999; Franklin and Druhan, 2000a, b; Grant et al, 1996; Wang et al, 1999) . Insulae are important in mediating autonomic responses to drugs of abuse and their predictors and thus were examined in the analysis (Bechara et al, 2000; Garavan et al, 2000) . Lastly, we predicted that smoking cues would activate the fusiform gyrus, as it plays a role in attention, and has been activated in previous nicotine cue reactivity studies (David et al, 2005; Due et al, 2002; Wilson et al, 2005) . We hypothesized that increases in perfusion in ventral medial prefrontal and deep limbic structures (amygdala, insula, and ventral striatum), regions important in mediating responses to drug cues, would correlate with subjective craving scores.
Arterial Spin-Labeled (ASL) Perfusion MRI
We used the novel technique of ASL perfusion MRI to characterize regional brain activation during cigarette CIC (Alsop and Detre, 1996) . This noninvasive, nonradioactive technique uses radio frequency pulses to magnetically label arterial blood (water) to reflect changes in brain blood flow . Changes in blood flow result in changes in tissue magnetization, measured directly with MRI. Perfusion refers to the delivery of life-sustaining materials to tissue via blood flow. Theoretically, it is regionally coupled to brain metabolism to replenish constituents used to provide energy to activated neurons and associated cells. With this technique, arterial blood is labeled by pulses of electromagnetic energy in an interleaved manner, such that tagged and untagged (control) images are acquired in pairs and subtracted from one another, providing contrast that is subsequently used to estimate cerebral blood flow (CBF) (Williams et al, , 2005 .
SUBJECTS AND SCREENING PROCEDURES
The study, approved by the University of Pennsylvania Institutional Review Board, adhered to the Declaration of Helsinki. Smokers were compensated $100.00 for completion of both MRI sessions. Subjects (B75%) were recruited from those presenting for treatment for nicotine dependence at the University of Pennsylvania Treatment Research Center. The remaining subjects were recruited through word of mouth. Subjects were screened, tested on study knowledge, and consented before a psychological and physical examination. Psychological tests were administered by a clinical psychologist and included administration of the MINI (Minnesota International Neuro-psychiatric Interview), a structured diagnostic tool that assesses current DSM-IV diagnosis of other psychoactive substance dependence and severe psychiatric symptoms (eg psychosis, dementia, acute suicidal or homicidal ideation, mania or depression; Sheehan et al, 1998; DSM IV, 1994) . As a higher percentage of people with psychiatric illness, including drug dependence, smoke cigarettes than the general population, only those with current diagnoses of severe psychiatric illness were excluded. The physical examination included a complete medical history, medical evaluation, and urine testing to verify absence of psychoactive substance use other than nicotine. Severity of nicotine dependence was determined from a laboratory-developed Smoking History Questionnaire (SHQ) that included a modified Fagerstrom Test for Nicotine Dependence (FTND; Fagerstrom and Schneider, 1989) .
Subjects with an abnormal structural MRI, history of head trauma or injury causing loss of consciousness lasting more than 3 min or associated with skull fracture or inter-cranial bleeding were excluded. For safety reasons and owing to the magnetic environment of the MRI, smokers with magnetically active prosthetics, plates, pins, permanent retainers, or bullets were also excluded.
Thirty-three smokers were scanned for this study. Data from 12 subjects were excluded: six data sets were unusable because of technical difficulties, four subjects did not meet inclusion/exclusion criteria, and two subjects slept during scanning.
Data from 21 physically healthy and mentally stable male and nonpregnant female smokers between the ages of 18 and 60 (mean: 34.4 SEM: (72.6)) who met DSM-IV criteria for nicotine dependence (FTND: 4.8 (70.4); indicating moderate dependence) were available for the study. Subjects smoked from 15 to 40 cigarettes per day (19.671.7). The sample was 57% female, 50% black, 48% white, 2% Hispanic, and averaged 13.7 (70.4) years of education. The Edinburgh Handedness Inventory identified 76% of the subjects as right-handed (Oldfield, 1971) .
DESIGN Stimuli
Nonsmoking stimuli. After subjects were positioned in the MRI bed, but before the actual scanning session, a freshly sharpened pencil was placed in the subject's left hand. Audio-visual cues were presented via a video that portrayed individuals differing in race, age, and sex relating interesting short stories or anecdotes.
Smoking stimuli. After positioning in the MRI bed, and before scanning, subjects were given one of their own cigarettes to hold in the left hand, while a technician lit and blew out a match and placed it in an ashtray within the subject's line of vision. The audio-video clip was similar to that of the nonsmoking cue video, however, was heavily peppered with smoking, cigarette cues, and unambiguous language designed to induce appetitive desire for a cigarette (eg 'I love a cigarette after a hard day at work. It relaxes me completely and tastes so good'). Our goal in developing these explicit stimuli was to further enhance cue responses over those elicited by the implicit stimuli used in our previous work (Droungas et al, 1995; Brody et al, 2002) .
Both sets of cues were intentionally devoid of other appetitive stimuli (eg sex, food, alcohol, caffeine, gaming, etc).
fMRI Experimental Design
To reduce possible anxiety elicited by the unfamiliar MRI environment, subjects completed a virtual fMRI simulation before scanning. As withdrawal increases over time since last cigarette smoked (Shiffman, 1979) , two separate MRI sessions were administered (see Figure 1 for session time line). The second session was scheduled on the same day, approximately 1 h later. Subjects smoked one of their own cigarettes ad lib before both cue sessions to maintain individual and characteristic pharmacological, physiological, and psychological states. Functional MRI of cue reactivity took place 20-25 min after smoking to permit the cardiovascular effects of smoking to dissipate. Subjects were informed of the opportunity to smoke immediately after each session because the expectation of drug availability has been shown to enhance subjective craving reports and physiological responses to smoking cues (Droungas et al, 1995; Carter and Tiffany, 2001; Dols et al, 2002 ; although see Wertz and Sayette, 2001) .
The head coil and memory pads were firmly and comfortably positioned to reduce movement. Visual stimuli were delivered by LCD projector and observed via mirrors, attached to the head coil to focus attention on a screen placed at the head of the MRI bed. Audio stimuli were transmitted through headphones. For each session, subjects remained in the scanner for approximately 45 min. ASL Perfusion functional data were acquired during the presentation of the stimulus sets. While in the scanner and before and after presentation of both stimulus sets, a nine-item Craving and Withdrawal Questionnaire (CWQ) was administered. Changes in subject-rated assessment of items were used to calculate change in mood over the course of scanning. The first item is designed to capture the subjective craving experience and two others may reflect indices of withdrawal. Four of the most relevant questions are presented in Table 1 .
Imaging Parameters
MR scanning was conducted on a Siemens 3.0 Tesla Trio whole-body scanner (Siemens AG, Erlangen, Germany), using a standard transmit/receive head coil. A 3-min localizer scan was acquired before functional scanning. This scan (sagittal, axial, and coronal slices) was acquired with FOV ¼ 280 mm, TR/TE ¼ 20/5 ms, 192 Â 144 matrix, and slice thickness of 5 mm, and was used for subsequent normalization and anatomical co-registration of the images. The localizer scan was followed by a 5-min resting baseline perfusion scan. These scans also served as a habituation period to the MR environment. The perfusion ASL technique was used to acquire baseline and cue scans. Interleaved images with and without labeling were acquired using a gradient echo echo-planar imaging sequence. A delay of 700 ms was inserted between the end of the labeling pulse and image acquisition to reduce transit artifact. Acquisition parameters were: FOV ¼ 22 cm, matrix ¼ 64 Â 64, TR/TE ¼ 3000/17 ms, and flip angle ¼ 901. Fourteen slices (8 mm thickness with 1.5 mm gap) were acquired from inferior to superior brain in a sequential order. Each ASL cue scan with 200 acquisitions was 10 min in length. Following acquisition of the first ASL cue scan, a T1-weighted high-resolution scan was acquired, and a diffusion tensor imaging (DTI) scan was acquired after the second cue scan (each approximately 6 min). Acquisition parameters for the three-dimensional (3D) highresolution MPRAGE structural in the axial plane were: FOV ¼ 250 mm, TR/TE ¼ 1620/3 ms, 192 Â 256 matrix, and slice thickness 1 mm. Only data from the perfusion ASL cue reactivity scans are presented here.
Imaging Data Processing and Analysis
Perfusion fMRI data were analyzed using SPM2 software (www.fil.ion.ucl.ac.uk/spm). MR image series were realigned to correct for head movements, co-registered with each subject's anatomical MRI, and smoothed in space with a 3D isotropic, 10 mm full-width at half-maximum (FWHM) Gaussian kernel. Perfusion weighted image series were generated by pairwise subtraction of the label and control images, followed by conversion to absolute CBF image series based on a single compartment ASL perfusion model Williams et al, 1992) .
Voxel-wise analyses of the CBF data were conducted on each subject, using a general linear model (GLM) with global time course as a nuisance covariate to reduce the effect of spatially coherent noise (first level analysis). No temporal filtering or smoothing was involved. One contrast was defined in the GLM analysis, namely the CBF difference between the two cue conditions (smoking cue vs nonsmoking cue). Individual contrast images (b maps) were normalized into canonical space (Montreal Neurological Institute standard brain). Contrast images were analyzed using one-sample t-tests to obtain the statistical parametric map of the t-statistic at each voxel for the defined contrast using a random effects model that allows population inference (second-level analysis). This step is equivalent to comparing CBF values between corresponding experimental conditions within each subject.
Linear regression analyses were carried out on the normalized individual maps to obtain the activation pattern (statistic parametric map of the t-statistic) correlated with the self-reported craving difference scores (the difference between pre-and post-stimulus presentation craving scores) with the smoking and nonsmoking cue conditions as the independent variable. Change scores were used for these analyses rather than absolute craving scores, as over 25 years experience studying CIC in the Childress lab, has provided empirical data that subject's 'anchor' their prestimulus craving score differently (one person's 2 may be another's 6). In this way, the change from a subject's selfreported baseline craving before and after cue presentation describes their craving more accurately.
RESULTS

Craving and Withdrawal Questionnaire
Eight items related to craving, withdrawal, and mood were rated before and after stimulus presentations, using the CWQ. The difference scores to four questions that may reflect subjective feelings of craving and withdrawal are presented in Table 1 .
Paired t-tests of difference scores revealed significant differences in craving to the smoking cues (po0.02; Figure 2 , Table 1 ) There were no significant differences in change scores to the remaining CWQ questions for either smoking or nonsmoking stimuli. However, relative differences in craving (0.7), anxiety (0.6), and irritability (0.6), were comparable to one another, suggesting that the brain response to smoking vs nonsmoking stimuli may be a function of all three mood states. Thus, linear regression analyses were conducted to examine the association of craving with either of these mood states. No correlations were found between craving and either mood state. Additionally, the brain response to smoking stimuli was unaltered when separate SPM analyses treating anxiety and irritability items as nuisance variables were conducted. Additionally, co-varying out for either anxiety or irritability ratings, when craving was included in the SPM model as a regressor did not affect brain response.
Primary Contrast (Smoking Cue vs Nonsmoking Cue)
In an unmasked SPM analysis, areas of significant activation were identified at the cluster level for the p-value o0.01 (uncorrected) and the cluster extent size of 20 contiguous 2 mm 3 voxels. For a priori region of interest (ROI) contrasts, changes in perfusion were determined using the small volume correction (SVC) tool in SPM2 with radius r, where r was defined by the size of the cluster and is 54ro20 mm. These included the ventral striatum, amygdala, pedunculopontine nucleus, hippocampus, thalamus, orbitofrontal cortex (OFC), dorsolateral prefrontal cortex (DLPFC), anterior and posterior cingulate cortex, fusiform gyrus, ventral tegmental area, and insula (Table 2 ; nonsignificant ROIs not listed). Coordinates are in MNI as provided by SPM, however, can be converted to Tailarach coordinates (http://www.mrc-cbu.cam.ac.uk/Imaging/mnispace.html). Coordinates listed are those chosen from the approximate center of each ROI using the Duvernoy Brain Atlas as a reference (Duvernoy, 1999) .
Significantly greater perfusion to smoking compared to nonsmoking stimuli was observed bilaterally, in ventral striatum, amygdala, hippocampus; ventral medial anterior thalamus and laterally, in right posterior OFC and left anterior ventral insula (see Table 2 and Figure 3 ; insula and OFC not pictured). There were no increases in perfusion between smoking and nonsmoking stimuli in other a priori regions (fusiform gyrus, pedunculopontine nucleus, ventral tegmental area, and anterior and posterior cingulate cortices). Further, no areas of decreased perfusion were observed in a priori or other brain regions. As there were no formal hypotheses regarding laterality, it was not examined in this study.
Craving Correlations
Simple linear regression between change in craving scores and brain perfusion at each voxel for each subject was used to test for correlations between cigarette CIC and brain activity. At po0.05 corrected, the DLPFC (r 2 ¼ 0.54) and posterior cingulate cortex (r 2 ¼ 0.53) demonstrated a positive correlation with intensity of subjective craving scores and brain perfusion (see Figure 4) .
DISCUSSION
We utilized ASL perfusion fMRI to characterize regional brain activation during cigarette CIC, independent of interference from pharmacological withdrawal. This method revealed increased perfusion to smoking vs nonsmoking stimuli in several a priori brain regions. These were bilateral in amygdala, ventral striatum, thalamus, hippocampus, and lateral in insula and OFC. Perfusion correlated positively with subjective craving in DLPFC and posterior cingulate. The selective activation of these key neural substrates, important in the detection of emotional significance, suggests that they interact as a circuit to enhance memory and assign significance to stimuli associated with cigarette dependence (Phan et al, 2005) . Activation of this circuit, also activated during conditioning processes, suggests that Pavlovian mechanisms may play a role in smoking cue reactivity. The interaction of these regions with regions that evaluate rewards (OFC), regions exerting cognitive control over behavior (DLPFC), and regions supporting stimulus expectancy and attentional processes (DLPFC and posterior cingulate) may lead to the subjective experience of craving (Grant et al, 1996) . These findings strongly support clinical studies of cigarette and other drug CIC and further extend our knowledge of its underlying neurobiology ( This report provides evidence that the DLPFC is a brain/ behavior correlate of CIC, in agreement with some but not all neuroimaging drug cue studies. Participation of this region may be related to several factors, as it is a region involved in a multitude of cognitive processes. One mitigating factor may relate to whether subjects were recruited from those seeking treatment for their addiction or from nontreatment seekers. Alternatively, expecting to use drug, regardless of treatment status may partially underlie DLPFC involvement (Wilson et al, 2005) . DLPFC activation was observed in 7/10 drug cue studies in subjects not currently seeking treatment but only in 1/9 studies comprised of treatment seekers. In general, expectancy of drug is not a feature of treatment CIC studies; however, in the single study showing DLPFC activation to cocaine cues, subjects were informed that drug would be available after Figure 3 Statistical parametric maps (SPMs) of greater neural activation to smoking cues compared to nonsmoking cues, co-registered to the MNI single subject template (po0.01 and 420 contiguous voxels per cluster). Crosshairs are centered on listed coordinates. The inset regions are enlarged for increased clarity. T-values are from 0 to 6. Sagittal, axial, and coronal views are provided.
the cue session (Grant et al, 1996) . The subjects studied here were 76% treatment seekers and 24% nontreatment seekers. However, at the time of scanning none were in treatment and all were informed that a cigarette break would occur after the session. As Wilson and co-workers and others have previously reported (Grant et al, 1996; Smolka et al, 2006) , DLPFC activation and intensity of craving correlated in smokers expecting to smoke after cue exposure; however, there was no direct test of expectancy on activation in these other studies, or this study. Recently, McBride et al (2006) directly tested the effect of expectancy on brain activation and found DLPFC activation in subjects expecting a cigarette after cues but not in those who did not. McBride et al (2006) also showed that activation positively correlated with self-reported craving. On reflection, expecting drug after a smoking cue session may interact with and enhance the potency or evocativeness of the cues.
An important goal of this study was to minimize the contribution of pharmacological withdrawal from brain activation patterns associated with smoking cues. Smoking and nonsmoking cue scanning sessions were temporally separated and preceded by smoking, providing subjects the opportunity to be imaged in a nondeprived state. This design feature minimized nicotine withdrawal-based craving effects that can begin as little as 20 min after smoking. Differences in cue reactivity literature may be partially related to regional activation introduced by pharmacological withdrawal. For example, Due and co-workers examined fMRI brain activation to cigarette and neutral cues in a BOLD event-related paradigm in overnight abstinent smokers and a nonsmoking comparison group. In the smokers, both craving and anxiety increased over the course of the session, whereas neither increased in the nonsmoking control group (Due et al, 2002) . As anxiety is a symptom of withdrawal (Shiffman, 1979) , its increase in smokers may reflect a general increase in withdrawal across the session, potentially interacting with and confounding the CIC pattern of activation. As, the work of Due et al showed, other emotions elicited either by the stimuli or the fMRI environment must be considered in interpreting brain response to smoking stimuli. We examined whether other mood states, such as anxiety and irritability were involved in mediating the brain response to smoking cues with our CWQ. Separate analyses covarying out for each mood state did not affect the brain response to smoking cues.
Like perfusion fMRI, positron emission tomography (PET) provides a quantitative baseline and is conducive to counterbalanced and split sessions. Using PET, Brody et al (2002) found positive correlations between craving intensity and relative brain metabolism in the OFC, DLPFC, and the anterior cingulate. The results found here concur with those of Brody and co-workers and further show deep limbic activation (amygdala, ventral striatum, hippocampus, insula, thalamus) to cues. The increased temporal and spatial resolution offered by perfusion fMRI in comparison to PET may have contributed to our extended findings. Alternatively, our results may reflect the use of newly developed explicit smoking cues vs the implicit cues used in our earlier studies (Droungas et al, 1995; Brody et al, 2002) . The new stimuli depict demographically dissimilar actors (to aid in engaging all smokers) professing their desire and enjoyment of smoking from comfortable natural smoking environments. While smoking, the actors directly address the audience and expound upon their favorite smoking experiences, such as the after-dinner cigarette or the first cigarette of the day. Also, nonsmoking cues were comparable to smoking cues in all respects, devoid of smoking cues. This is important as brain activation to human faces, environments, and other video differences could alter specific brain activation. Both of these changes may have contributed to an enhanced brain response to cues. No direct test of the effects of our newly developed explicit vs implicit cues on brain activation was conducted.
Because separate sessions are conducted, perfusion fMRI is well suited to our study of cigarette CIC. This feature provides the opportunity to smoke a cigarette before each set of cues, minimizing withdrawal effects on brain activation. It also reduces carry over effects from one set of stimuli to the other. This is important as craving to smoking cues accrues over the course of scanning and may not abate without smoking a cigarette. BOLD event-related paradigms are challenged in this regard, as smoking and nonsmoking stimuli are interspersed across one scanning session, blurring stimulus signals as the differential between them is reduced.
Opinions differ throughout the literature regarding the measurement of subjective craving scores. It is believed by some that ratings collected immediately following stimulus presentation most accurately reflect individual craving levels. Others in the field suggest that the change in ratings from before to after cue presentation is a more accurate indicator of reactivity specifically related to the stimuli. The data presented here are measured by the latter method.
Although we have not formerly tested the assertion, over 25 years of experience suggests that subject's 'anchor' their pre-stimulus craving score differently. Purportedly, the difference between a self-reported baseline craving and that reported after cue presentation might more accurately reflect the brain changes that occur over the scanning period. To our knowledge, demonstrative evidence to support one method of measuring craving over another does not exist.
Future studies in which smokers are stratified into subgroups may contribute to a greater understanding of CIC and the development of effective treatments. For example, some studies, including recent work in our lab suggest that sex differences in brain responses to cues exist (Franklin et al, 2004) . Also, continuing to study potential differing neurobiological processes in treatment vs nontreatment seekers may uncover unique brain activity patterns. Ongoing studies are examining the impact of sex and treatment on brain response.
The study design used here and the latest ASL perfusion fMRI technology have overcome many of the challenges that were unavoidably imbedded within previous smoking cue reactivity studies and thus, at this juncture, a characteristic and comprehensive signature of smoking CIC is delineated. Encouragingly, most of the regions consistently implicated in drug craving studies are observed with the signal capture capabilities of ASL perfusion fMRI. As cue-elicited craving is a major contributor to relapse (Abrams et al, 1988; Niaura et al, 1989) , the capacity to image the state sets the stage for predicting treatment outcome success without investing substantial time, expense, and labor conducting large clinical trials. Medications with suspected anticraving properties can be screened rapidly using perfusion fMRI. The necessity for such a screening tool becomes apparent when we acknowledge the heterogeneity underlying cigarette dependence. In line with other drugs of abuse, its underpinnings depend on phenotype, sex, and/or other neurobiological factors. Thus, as with depression and other psychiatric illness, successful smoking cessation interventions that target particular brain substrates in a selective and specific manner are needed to aid prospective quitters. Today's ever-advancing neuroimaging technology offers a powerful tool to reach this goal.
